T he term posterior cortical atrophy (PCA) was first coined by Benson and colleagues to describe a clinical syndrome in which the onset of a progressive dementia is characterised by the development of higher order visual deficits. 1 By far the most frequent pathological diagnosis in case reports and series is Alzheimer's disease. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Dementia with Lewy bodies is a common neurodegenerative disorder that also presents with early visuoperceptual deficits but differs from PCA both neurologically (by the emergence of Parkinsonism 13 ) and neuropsychologically (by prominent early deficits of attention and executive function.
14 ) Creutzfeldt-Jakob pathology has been reported with a presentation of higher order visual failure 10 ; however, the rapidly progressive nature of that disease generally leads to a high index of clinical suspicion. Finally, one case of PCA was subsequently shown to have subcortical gliosis, 10 similar to that seen in the frontal and anterior temporal cortices of some cases of fronto-temporal dementia.
Many cases studied pathologically have not undergone rigorous neuropsychological evaluation in life. Yet from those that have there does appear to be evidence that, within the rubric of PCA, cases can be further divided according to the model in which visual information separates into an occipitoparietal pathway (dorsal stream) and an occipito-temporal pathway (ventral stream). The dorsal stream deals preferentially with spatial (''where'') information, while the ventral stream deals preferentially with object identification (''what'') information. 15 The majority of case reports of PCA have described what would appear to be dorsal stream variants with prominent spatial disturbance and, in particular, features of Balint's syndrome; accordingly, most pathological studies have shown that the occipito-parietal region bears the greatest burden of pathology. Ventral stream case reports presenting with visual object agnosia and prosopagnosia have also been described with Alzheimer pathology in the occipito-temporal regions (for example, Hof and Bouras 16 ), though from the number of reported cases this would appear to be a less common syndrome. In addition, given that deficits in recognition of objects and faces are seen in semantic dementia, 17 it may be prudent to consider ventral stream cases as having a greater likelihood of including examples of non-Alzheimer pathology.
Case studies combining detailed neuropsychological and neuropathological data inevitably suffer from the long latency between clinical and necropsy evaluation, leading researchers to make assumptions about their relations. Functional brain imaging using ( 18 F)-2-fluoro-deoxy-Dglucose positron emission tomography (FDG-PET) offers a method of studying brain/behaviour relations at the time of neuropsychological assessment. Previous FDG-PET studies of patients with PCA-or at least Alzheimer's disease with prominent visuospatial disturbances-have shown hypometabolism of the parietal regions. [18] [19] [20] [21] In most studies, however, the metabolic deficits measured by PET could not be analysed systematically, either because of the single case format or because of technical limitations at the time the studies were done. The largest FDG-PET group study of PCA, using a ''region of interest'' method, reported significant and symmetrical reductions in glucose metabolism in the occipital association, calcarine, and parietal regions; significantly higher metabolic rates were observed in frontal, anterior cingulate, and inferior and medial temporal regions when contrasted with a group with typical Alzheimer's disease. 22 The region of interest method, however, cannot systematically survey the entire brain. Our aim in the present study was therefore to examine the whole brain FDG-PET profile of PCA in a group design using the technique of statistical parametric mapping (SPM), in comparison with both healthy controls and, particularly, a group of subjects with typical Alzheimer's disease. The only previous study of PCA using statistical parametric mapping was incomplete in that the whole brain was not included in the field of view. 23 In addition, we conducted a limited region of interest study to assess the reductions in glucose metabolism in absolute terms.
METHODS

Subjects
Patients were recruited from the memory clinic at Addenbrooke's Hospital, Cambridge. Written informed consent was obtained from all the patients (and where necessary from their carers) and from control volunteers, after detailed explanation of the procedures involved. The study had the approval of the local regional ethics committee and the Administration of Radioactive Substances Advisory Committee (ARSAC), UK.
The PCA subjects were defined by the presence of visuospatial deficits as their most prominent presenting symptom, and with visuospatial function as the most severely affected cognitive domain on neuropsychological examination. We excluded subjects presenting with prominent visuospatial deficits who had any of the three proposed ''core'' features for dementia with Lewy bodies 13 (that is, fluctuating cognitive function with periods of decreased alertness; persistent well formed visual hallucinations; and spontaneous motor features of parkinsonism). In addition, no evidence of any alternative neurological explanation for their symptoms and signs was apparent from clinical assessment or structural neuroimaging, and no subject had a history of ocular disease.
Nine patients with PCA were identified, but three were unable to complete the scanning protocol owing to claustrophobia. This left a group of six PCA subjects for the PET study, all of whom remain under review; at the time of writing the shortest clinical history was more than four years. None has subsequently developed extrapyramidal signs, visual hallucinations, or fluctuations to suggest a diagnosis of dementia with Lewy bodies.
All PCA patients reported an insidious onset of symptoms that typically included misreaching for objects, difficulty in judging distance and motion (such as stepping into oncoming traffic), and colliding with furniture. Difficulty in reading (especially an inability to saccade from the end of one line to the beginning of the next) and in navigating complex environments were common.
On clinical testing, all had gross visuospatial deficits, with some features of Balint's syndrome-an inability to describe complex scenes as a whole (simultanagnosia), difficulty in reaching to visually guided targets (optic ataxia), and difficulty in directing gaze to novel stimuli (ocular apraxia)-were present in most, although only four of the six scanned had all features of the syndrome. When care was taken to ensure that targets were fixated, object recognition appeared relatively preserved. Table 1 [t1] shows the presenting complaints and features found on magnetic resonance imaging (MRI) in each of the six subjects.
Mendez and colleagues have recently proposed diagnostic criteria for this syndrome. 24 The core features suggested by these investigators were as follows: N relatively preserved insight with or without depression.
We undertook the present study before publication of these criteria; nevertheless, all cases fulfilled them. While these criteria summarise the key clinical features of PCA, their value for defining cases with the syndrome for either clinical or research purposes is questionable. In their proposal, the authors made no mention of dementia with Lewy bodies, even though this is probably the principal differential diagnosis of a degenerative process with prominent visuospatial symptoms and signs.
Ten subjects with typical Alzheimer's disease who fulfilled the NINCDS-ADRDA criteria for probable Alzheimer's disease were also studied. 25 All 10 presented primarily with an amnesic syndrome but with evidence of underfunctioning in at least one other cognitive domain (attention, visuospatial function, language/semantics, executive function) on detailed neuropsychological testing.
Ten aged matched healthy controls were either spouses of the patients or were recruited from local community groups. Controls were screened by a neurologist to ensure that there was no evidence of memory impairment, dementia, or other neurological or major psychiatric illness. The demographic characteristics of the three groups are summarised in table 2[t2] . The Alzheimer's disease and PCA subjects were matched for duration of symptoms and mini-mental state examination (MMSE) score. 26 There was a statistically significant difference, in favour of the PCA group, in years of formal education between the PCA and the Alzheimer's disease groups (unpaired two tailed t test, p = 0.04).
Neurological and neuropsychological assessments
Deficits in all the subjects were assessed clinically by a neurologist. Five of the PCA subjects also underwent formal ophthalmological testing. Subjects with typical Alzheimer's disease and PCA underwent a battery of neuropsychological tests including tests of attention (digit span), episodic memory (story recall 27 ), language and semantics (category fluency, pyramids and palm trees test, 28 and picture naming 29 ), executive function (FAS fluency), and visuospatial function (visual object and space perception battery (VOSP) 30 and Rey figure  31 ). With the exception of the visuospatial domain, the selected tests were biased towards those with little or no visual component to minimise the likelihood that a visuospatial deficit confounded the test performance.
Imaging protocol All subjects were studied using an identical protocol on scanners in the Wolfson Brain Imaging Centre, University of Cambridge. Each subject underwent T1 weighted, three dimensional, spoiled gradient echo sequence (SPGR) volumetric MRI (echo time 5 ms, recovery time 19.1 ms) on a 3Tesla Bruker system for co-registration to PET. The field of view was 25.6622.0618.0 cm with a matrix size of 25662566256. PET scans were done on a General Electric Advance system in three dimensional mode, voxel size 2.3562.3564.5 mm, with a field of view of 30630615.3 cm.
Before the PET scan, subjects fasted for a minimum of eight hours; 30 minutes before isotope injection a radial arterial cannula was inserted for glucose and radioactivity measurements, and a venous cannula for fluorodeoxyglucose (FDG) injection. The subjects were then positioned in a plastic head cradle. Ear plugs and blindfolds were not used, but all subjects were scanned under the same conditions in a dimly lit, quiet room. A 10 minute transmission scan was done for attenuation correction using rotating 68 Ge/ 68 Ga sources, after which the subjects received an injection of 74 MBq (2 mCi) of FDG over 30 to 60 seconds. PET images were then acquired from t+35 to +55 minutes postinjection, while 14 arterial blood samples were taken over the 55 minute postinjection period to define the FDG input function. Images were reconstructed using the PROMIS algorithm, 32 with corrections applied for attenuation, dead time, scatter, and random coincidences. Cerebral metabolic rate for glucose (CMRglc) was calculated from the image and blood data using the Huang autoradiographic technique. 33 
Image analysis
Image analysis was done on a Sun Microsystems ultrasparc 60 workstation. To minimise normal intersubject variability of resting brain metabolism, PET scans were normalised to the CMRglc of the cerebellar vermis (nCMRglc). This region is thought primarily to reflect intersubject differences in brain metabolism 34 and has been used in similar PET studies of Alzheimer's disease. 35 The remaining stages of the image processing and statistical analysis were done with SPM99 (Wellcome Department of Cognitive Neurology, London) and Matlab5.2 software (Mathworks Inc, Natick, Massachusetts, USA). The PET scans were co-registered to each individual's volumetric MRI and then spatially normalised to the T1-MR template in SPM99 (based on the standard brain of the Montreal Neurological Institute (MNI)). Finally, to minimise effects of interindividual variation in sulcal pattern, the normalised scans were smoothed with a 16 mm full width at half maximum (FWHM) Gaussian filter.
Statistical analysis of PET data with statistical parametric mapping
The data were analysed in two parts. The first analysis, designed to assess the total extent of affected brain regions, contrasted the PCA group with the controls. The second analysis contrasted the PCA group with the Alzheimer's disease group to determine what specific areas of abnormality were present in excess of those in the temporo-parietal association cortex typically found in Alzheimer's disease. The threshold for analysis of voxels was set at .40% of whole brain mean, to ensure that severely hypometabolic regions were not excluded, while minimising edge effects. 35 Statistical analyses were performed at p(corrected) = 0.05 and p(corrected) = 0.1. Localisation of abnormal clusters was undertaken using the co-planar stereotaxic atlas.
36
Region of interest study Regions of interest (ROI) were defined for (right and left) frontal pole, precuneus, cuneus, and the cerebellar vermis on a standard template based on the MNI brain. The subject's PET scans were co-registered to their MRI and then spatially normalised to the T1-MRI template in SPM99. The ROI object map was then overlaid and CMRglc calculated for each ROI using the autoradiographic method. As the aim of the ROI study was absolute CMRglc quantification, a three compartment partial volume correction 37 was applied to each region: each subject's MRI was segmented into grey matter, white matter, and cerebrospinal fluid, and these segments were then smoothed to the resolution of PET using a 6 mm FWHM Gaussian filter. From the superposition of the smoothed segments, the PET signal in each voxel can be related to the percentage of grey matter and white matter within the voxel. By assuming that CMRglc for grey and white matter are constant in the ROI, these two variables can be determined by solving the set of simultaneous equations representing the signal in the voxels. Consequently, a mean CMRglc for the ROI can be calculated which is not erroneously reduced because of CSF contamination. The results for each region were then analysed by one way analysis of variance (ANOVA), and where significant group effects were found, post hoc Scheffé's tests were used. The data were analysed both as absolute regional CMRglc and, to account for normal interindividual differences in brain metabolism, as an index of each subject's cerebellar vermis CMRglc (that is, normalised to vermis, nCMRglc).
RESULTS
Ocular and visual field assessments
None of the six cases had evidence of ocular abnormalities on neurological examination (pupil responses and fundoscopy). Visual acuity could not be measured reliably owing to the difficulty with fixation. Formal visual field testing was attempted in five subjects; the remaining case, and also the most mild, had normal fields on bedside confrontation testing. Of the five assessed formally, three managed to complete Humphrey automated perimetry, each having evidence of a left homonymous hemianopia. One patient had Bjerrum field assessment which showed left hemifield loss from the right eye and left superior quadrant field loss from the left eye. The final case could only be assessed to confrontation and had evidence of a subtle left homonymous hemianopia. In addition to visual field loss, one subject had evidence of left hemispatial somatosensory and auditory neglect on bedside testing.
Neuropsychology
Selected neuropsychological results are shown in 29 or letter (FAS) fluency. As a group, the PCA patients performed better on story recall 27 than the Alzheimer group, although this difference did not reach statistical significance (p = 0.07). It should be noted, however, that unlike the Alzheimer's disease subjects, the PCA subjects showed considerable heterogeneity on memory testing, with some performing at a near normal level. Not unexpectedly, the PCA group performed significantly worse on visuospatial tasks, including copying the Rey complex figure 31 and subtests of the visual object and space perception battery. 30 Statistical parametric mapping SPM analysis of the metabolic changes in the group with typical Alzheimer's disease contrasted with the controls is shown in fig 1[f1] as a ''template'' of the characteristic cortical metabolic changes associated with this condition. At p(corrected) = 0.05, there was hypometabolism in the lateral temporo-parietal association cortex (right worse than left), as well as involvement of the posterior cingulate and precuneus. At p(corrected) = 0.1, additional abnormal regions in left frontal pole and left dorsolateral prefrontal cortex were seen (data not shown).
Comparison of PCA with controls ( fig 2[f2] ) at p(corrected) = 0.05 revealed extensive abnormalities in the posterior hemispheres (occipito-parieto-temporal regions). Although bilateral in distribution, the changes were more severe on the right. In addition, there were two localised areas of abnormality in the dorsolateral frontal lobes. These areas were approximately symmetrical and extended from Brodmann area (BA) 6/8 to 8/9 (Talairach coordinates: right, x = 30, y = 27, z = 37 to x = 33, y = 0, z = 47; left, x = 222, y = 21, z = 47 to x = 231, y = 4, z = 49), approximating the area of the frontal eye fields (fig 3[f3] ). Two small regions slightly rostral to these areas were also identified (BA 9), but otherwise the frontal lobes were spared, as were the anterior temporal lobes. At p(corrected) = 0.1, the profile was similar, although the frontal abnormalities were slightly more extensive. At this significance threshold, in the coronal plane the frontal eye field clusters extended from y = 24 to y = +30 (bilateral; data not shown). These clusters were also considered in terms of gyral anatomy by projecting them onto spatially normalised MRI scans. Using this method, the cluster ran along the fundus of the caudal part of the superior frontal sulcus (fig 3[f3] ).
The contrast of PCA with typical Alzheimer's disease (fig 4[f4] ) yielded much more localised areas of hypometabolism in the PCA group. At p(corrected) = 0.05, the hypometabolic region was almost exclusively right sided and extended from the primary visual cortex (BA 17; x = 14, y = 294, z = 22) through the dorsal visual association cortex (dorsal BA 18/19) to the parietal lobe (BA 7/40; x = 22, y = 252, z = 66 to x = 54, y = 228, z = 28), with maximum reduction in metabolism in the region of the occipito-parietal junction (BA19/7; x = 34, y = 270, z = 38). At p(corrected) = 0.1, the right sided abnormality was similar but there was also evidence of involvement of the left hemisphere: two discrete regions were identified in the medial occipital gyrus (BA 18; x = 234, y = 286, z = 10) and parietal lobe (BA7; x = 222, y = 242, z = 40) (data not shown).
Of note, the statistical difference in nCMRglc of the posterior cingulate/precuneus seen when PCA was contrasted with controls was not seen when PCA was contrasted with Alzheimer's disease (compare figs 1[f1], 2[f2], and 4[f4]), suggesting a comparable degree of reduction in nCMRglc in this region between PCA and Alzheimer's disease. In addition, the hypometabolic regions in the frontal eye fields were not seen in the contrast of PCA with typical Alzheimer's disease; however, they were present when the data were analysed at the less rigorous threshold of p(uncorrected) = 0.001 (data not shown). . In summary, reductions in CMRglc when either typical Alzheimer's disease or PCA was contrasted with controls were greatest in the precuneus (bilaterally). In addition, the PCA group showed significantly greater metabolic reductions than typical Alzheimer's disease in right and left precuneus and right cuneus.
DISCUSSION
To our knowledge this is the first study to analyse the topography of hypometabolism in PCA over the whole brain, and to contrast this directly with the changes in typical Alzheimer's disease using a voxel based image analysis method. Clinically, the PCA group showed similar performance on non-visuospatial cognitive tasks to the group with mild Alzheimer's disease but all had additional marked impairment on visuospatial tasks. With regard to subtests of the VOSP in PCA, the most significant impairments were for spatial perception tasks (dot counting, cube analysis) compared with object perception (incomplete letters, object decision). The PCA group's performance did not differ significantly from typical Alzheimer's disease on the 64 item picture naming test, which also taps object perception. Some features of Balint's syndrome were present in most cases, and five of the six showed evidence of visual loss in the left hemifield. Six subjects of the nine recruited completed the imaging study, three dropping out because of claustrophobia. This dropout rate is considerably higher than in other dementia cohorts undergoing the same imaging protocol and may not be a chance finding. The three cases who did not tolerate scanning also reported the development of new onset claustrophobic symptoms (such as in elevators) over the course of their illness. It may be that the disintegration of a coherent visuospatial representation of extrapersonal space exacerbates, or even gives rise to, such phobic symptoms.
In the following discussion we will focus on the results of the statistical parametric mapping study, but it should be noted that the results were concordant with those of the ROI study in that the PCA group showed greater reductions in CMRglc in the posterior ROIs (precuneus and cuneus) than in the frontal ROI; the right hemisphere was more significantly involved than the left in the PCA group; and more significant hypometabolism was noted in the cuneus in PCA than in typical Alzheimer's disease.
When contrasted with healthy controls, hypometabolism in PCA was found throughout the posterior regions of the cerebral hemispheres. Relative to controls, there was considerable overlap of abnormal regions with those seen in typical Alzheimer's disease, making it difficult to attribute their clinical profile to a specific anatomical substrate. To circumvent this problem, the PCA and Alzheimer's disease groups were directly compared, reasoning that-as both had a putative common pathology-those areas of hypometabolism that remained would more specifically underpin the cognitive deficits peculiar to PCA. Here, matching groups for severity may be problematic as different patient groups may fail on a given task for different reasons. In the present study, the two groups were matched by duration of symptoms, accepting that this too may be flawed if different variants of Alzheimer's disease follow different time trajectories.
The results of the PCA comparison with typical Alzheimer's disease showed a much more specific pattern of abnormality. Hypometabolism extending from the primary visual cortex through the dorsal visual association cortex to the parietal lobe, suggesting disruption to the dorsal stream of visual processing. This is precisely what would be predicted from the clinical data in the context of the two stream model of visual processing. Furthermore, the extension of the hypometabolic region to the right primary visual cortex is consistent with the finding of left visual hemifield defects on clinical examination. The marked asymmetry, with far greater right sided pathology, was, however, unexpected. Predominant left hemisphere hypometabolism has also been described in PCA, 18 21 as has symmetrical hypometabolism, such as that reported in the region of interest study of Pietrini et al. 22 It is difficult to explain this variability but it would seem likely to reflect differences in case selection in terms of the purity of visual impairment and the disease stage at which patients undergo scanning. In other words, bilateral or left side predominant cases may be more likely to show additional deficits such as aphasia. In this study, such cases were possibly excluded at recruitment, as their cognitive performance would not have been so selectively biased against visuospatial performance. Certainly the present group's left hemisphere was not spared (figs 2[f2] and 5[f5]), and it should be emphasised that the asymmetry was particularly related to the Alzheimer/PCA contrast. In other words, the right biased pathology in PCA (figs 4[f4] and 5[f5]) represented the abnormality this group had over and above that seen in typical Alzheimer's disease.
The only other statistical parametric mapping study of PCA, by Bokde et al, 23 also revealed symmetrical hypometabolism in posterior brain regions. Although primarily concerned with assessing partial volume effects, their results make an interesting contrast with the present study. The PCA group in that study was more demented than ours (mean (SD) MMSE, 16.8 (8.5) v 21.2 (5.1)) and it is possible that as cases become more advanced, left hemisphere involvement becomes more evident. Significantly, Bokde et al's study did not include detailed neuropsychology and so it is not clear how ''pure'' the visuospatial deficits were in their cases. The other major difference between the two studies was that their field of view only extended to z +40 mm, so that the full extent of fronto-parietal hypometabolism was not evaluated. This is not inconsequential, as it would have excluded some major abnormalities found in the present study such as the most significant statistical peak (z +58 mm, right parietal) and the frontal eye fields peaks (z >42 mm). Finally, it should be noted that in contrast to Bokde et al, our statistical parametric mapping analysis did not include a partial volume correction, for the following reason. While differences in regional glucose metabolism between groups are less significant if the data are corrected for atrophy (which is greater in patient groups), it is likely that regional atrophy also contributes to the clinical profile. As the present study aimed to assess the regional neural correlates of a clinical syndrome, a partial volume correction was not implemented as it was felt that this may underestimate regional pathology by correcting for clinically significant atrophy. A partial volume correction was, however, used in the ROI study, as this analysis was concerned with providing absolute values of CMRglc in neural tissue. The topography of the hypometabolic area remaining when PCA was contrasted with Alzheimer's disease (fig 4[f4] ) is consistent with Hof et al's hypothesis, 3 based on necropsy studies, that deficits in PCA arise because of disruption of long cortico-cortical pathways. They argued that, as neurofibrillary tangles (NFT) develop in the cell bodies of pyramidal neurones that form long cortico-cortical connections, Alzheimer's disease pathology causes disconnection of neocortical regions. 4 Studies in PCA have shown high NFT counts in layer III of BA 17, 18, and 19, suggesting that pathology at each of these points disrupts feed-forward dorsal stream pathways to BA 18, 19, and 7/23, respectively. On the other hand, a high density of neurofibrillary tangles in layers V and VI of BA 18 was proposed as evidence of damage to the feed-back projection to BA 17. 3 4 Based on the observation that senile plaques occur where the nerve terminals of neurones containing neurofibrillary tangles are degenerating, 38 Hof et al have also suggested that the distribution of senile plaques in PCA is consistent with the spread of pathology along this chain of connections. 4 The results of the present study offer in vivo support for this hypothesis, in that the pattern of hypometabolism (fig 4[f4] ) appears very much consistent with dysfunction of a network of neurones extending from primary visual through visual association to parietal association cortex.
The comparison of PCA with controls also revealed bilateral regions of dorsolateral frontal hypometabolism (fig 2[f2] , arrows, and fig 3[f3] ) corresponding to the anatomical location of the frontal eye fields. The statistical parametric mapping contrast of PCA minus typical Alzheimer's disease did not show this abnormality at p(corrected) = 0.1 but this probably reflects insufficient power owing to the small size of the PCA group. When contrasted at a less rigorous statistical threshold (p(uncorrected) = 0.001), the hypometabolic region in the PCA group extended into the dorsolateral frontal lobe, sparing the more rostral prefrontal cortex.
The frontal eye fields are critical for the generation of normal voluntary eye movements, and receive significant inputs from dorsal visual association BA 18/19. 39 Functional imaging studies employing various paradigms to investigate saccadic eye movements in healthy volunteers have found activations in both dorsal stream (BA19 and 7) and frontal eye fields, [40] [41] [42] [43] [44] [45] [46] [47] [48] as have single unit electrophysiological recordings in animals. [49] [50] [51] There is controversy over the precise location of the frontal eye fields in humans. Although studies in non-human primates have implicated BA 8, functional activation studies in humans have generally shown more caudal activation (BA 6). 52 This issue was recently explored further by Lobel et al in a detailed study using both functional MRI (fMRI) and intracerebral electrical stimulation (IES). 53 They identified three regions with fMRI: a medial frontal area that was interpreted as supplementary eye field and two further areas which they called deep and lateral oculomotor areas (OMA). Of these three regions, the proposed frontal eye field clusters in the present study appear approximately equivalent to Lobel et al's ''deep OMA''. They described this region as lying at the intersection of the superior frontal sulcus and the fundus of the superior precentral sulcus (left, x = 224.5¡4.9, y = 28.9¡6.7, z = 49.8¡4.2, and right, x = 222.6¡3.7, y = 0.1¡8.1, z = 52.2¡4.1). Furthermore, in their IES study, they reported that versive eye movements were most sensitively elicited by stimulation of the deep OMA compared with the other two regions. The Talairach coordinates of this IES site in the right hemisphere (left side not published) were x = 26, y = 2, z = 46. The peaks of the frontal eye field clusters in the present study lay slightly rostral to those of previous activation studies but they are overlapping. It is noteworthy that the coordinates for Lobel et al's deep OMA IES site lies within the present right sided cluster. However, perhaps more compelling than the stereotaxic comparison is the observation that, when overlaid with MRI, the present clusters are located in the fundus of the caudal part of the superior frontal sulcus, consistent with previously published reports. 52 53 As FDG-PET primarily measures synaptic activity, 54 we interpret frontal eye field hypometabolism as being caused by degeneration of the afferent input from the dorsal stream and propose that disruption of this pathway is the neural basis of ocular apraxia. Likewise, the ability to make accurate reaching movements to visually guided targets requires the visually derived spatial coordinates of the target to be passed from parietal to premotor areas. Disruption of neural connections between these areas-as would be expected from the PET findings in the PCA group-would, in addition, offer a plausible explanation for optic ataxia.
Conclusions
Our study showed that PCA is associated with a significant metabolic deficit, maximal in the occipito-parietal region. This finding is consistent with the prediction from the clinical profile that these deficits are primarily a result of disruption to the dorsal stream of visual processing. Hypometabolism in the frontal eye fields was also identified, suggesting an explanation for the ocular apraxia frequently seen in this syndrome. We propose that disruption of the dorsal stream is a consequence of the spread of pathology along a series of interconnected feed-forward and feed-back pathways. The key issue of why a minority of cases of Alzheimer's disease develop this atypical locus of pathology is at present unresolved.
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